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Abstract 
Numbers of high-rise buildings form the street canyon, in which the exhaust of vehicles accumulate and do harm to the urban 
residents. So the study on the pollutant dispersion characteristics and influence factors of vehicles emission in city streets is of 
great significance. This paper analyses the influence factors of the vehicles emissions, gets the numerical simulation of the 
building’s roof shape on both sides of the street and the influences of the relative height of buildings on both sides of the street 
canyon on the air flow field and pollutant diffusion concentration field. The results show that with the increase of height, the 
diffusion of vehicle emissions is in a downward trend in the street leeward and windward surface, the pollutants at the top of the 
street is obviously less than the vehicle emissions of pollutants in the street and the pollutants is obviously less affected by traffic 
flow at the top of the street. The results of this article can provide scientific basis about the control, monitoring and estimate of 
pollutant emission from the urban vehicle, and the rational layout and planning of the city's streets. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The developments of the countries in the world, all show as the centralized and decentralized   process of the 
logistics, energy flux and the stream of human, actually it is a development process that the economy coordinates 
with the resources and the environment, arguably , it, that a highly developed transportation, is one of the symbols of 
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modern city. As the development of transportation, especially in the large and medium-sized cities, due to the rapid 
increase of vehicle ownership, motor vehicle emission has become the main source of air pollution in cities. The 
increasing of the high-rise buildings forms a lot of street canyons, whose impacts on the urban environment is 
becoming bigger and bigger,  and leads to the accumulate of large numbers of harmful gas from the motor vehicle 
emissions in the street canyon, which is not easy to spread out, makes the residents daily travel exposure to high 
concentrations of motor vehicle gas pollutant, and has a serious effect on indoor air quality of  the frontage at the 
same time, seriously endangers the physical and mental health of urban residents. So it is of very important practical 
significance that makes a comprehensive study on the motor vehicle emission pollutants diffusion of the city streets 
and the influence on the indoor and outdoor air quality of buildings. 
1.1 Progress of Numerical Simulation 
The numerical simulation method about the street canyons of flow field characteristics and pollutant dispersion 
problems began in the 1990s. Oke (1988) according to the size of the street canyon divided the flow field within 
two-dimensional street canyons into three forms: isolated roughness flow, wake interference flow and skimming 
flow. Isolated roughness flow produced when the street canyon is widely enough(B/H>0.5).When the street canyon 
is relatively narrow, wake interference appears and skimming flow produced as B/H<1.2. Lee and Parks (1998) 
apply a two-dimensional, time-dependent flow model to determine the exchange rates of pollutants between street 
canyons and the upper air under variable flow conditions in 1994. Jeong (2002) used a two-dimensional, steady, k–ε 
turbulence model to investigate the high Reynolds number skimming flow field of an urban street canyon and 
describe the critical canyon width-to-height ratios that distinguish a cascade of vortex patterns that form in an urban 
street canyon in 2002. Li (2005) used a two-dimensional renormalized-group (RNG) k–ε turbulence model to 
calculate the air exchange rate of idealized street canyons in 2005.This model was validated against wind tunnel 
results and demonstrated that this mode uses less resources can effectively simulate the flow field. Liu (2005) 
employed a large-eddy simulation (LES) technique to simulate different aspect ratio of street canyon in 2005. The 
results show that the higher the street canyon pollutants are less likely to diffusion and it will accumulate in the street 
canyons.  Hasson (1998) calculated the aspect ratio of the different effects on the internal streets of the two-
dimensional concentration field and velocity field in the case of the same height buildings on both sides of the street 
canyons, The calculation used simplified k - e model, without considering the energy equation, The results show that 
the dispersion characteristics can be simulated in terms of structural configurations. Although the research in this 
aspect in China starts late, there are also many scholars carried out a certain research and obtained many valuable 
results .Huang Yuandong et al. (2005) based on the standard k–εequation turbulence model, simulated numerical 
simulation of the air flow field in the streets of the different buildings. Wu Zhijun et al. (2003) simulated the law of 
vehicle emission dispersion in the urban street with band pedestrian arcades. Wang limin et al (2005) simulated the 
air flow of non-isolated street canyons and pollutants diffusion in the atmosphere. 
 
This paper gets the numerical simulation of the building’s roof shape on both sides of the street and the influences 
of the relative height of buildings on both sides of the street canyon on the air flow field and pollutant diffusion 
concentration field. The results of   this article can provide scientific basis about the control, monitoring and estimate 
of pollutant emission from the urban vehicle, and the rational layout and planning of the city's streets. 
2. Methods 
2.1. Air Pollution Diffusion Theory 
Atmospheric boundary layer, also known as friction layer, belongs to the troposphere. From the perspective of 
fluid mechanics, atmospheric boundary layer air flow has great randomness, basically turbulent flow, and air flow 
turbulence intensity up to 20%. Wind speed increases with height increases, wind speed on the ground surface is 
equal to zero, in the outer edge of the atmospheric boundary the geotropic wind speed is constant, the variation rules 
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of the mathematical expression adopt index law and logarithm law two empirical formula to represent. The 
expression of the exponential law is shown as follows:   
 
In this formula, D  is the ground roughness coefficient, zf  means the height of wind speed  achieving uniform 
flow in the atmospheric boundary layer, Uf   stands for the wind speed at the height of ,  represents for the arbitrary 
height below the height of zf  , lz  indicates the wind velocity at the height of zf  . lU  indicates the wind velocity 
at the height of lz .     
2.2. Numerical simulation of turbulent issues  
Most flow phenomenon in nature and engineering application is turbulent, at present, the most common method 
of the street canyon pollutant diffusion at home and abroad is the k-ε two equation model in the Reynolds averaged 
N-S (RANS) .The time averaged equation follows: 
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    Substitute it into the turbulent transport equation, the steady flow of turbulent kinetic energy transport equation 
can be simplified as: 
eff i
j i j
j j k j j
uku k u u
x x x x
PU U UHV
§ · ww w w c c      ¨ ¸¨ ¸w w w w© ¹                                                                                                      (2) 
 
The loss of turbulent kinetic energy dissipation rate  equation of unit mass flow in unit time, and substitute it into 
the turbulent dissipation rate, sorting by: 
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In the equation,  /i j i jG u u u xc c w w show turbulent kinetic energy produced by the velocity gradient; k is turbulent 
kinetic energy, m2/s; ε is turbulent kinetic energy dissipation rate, m2/s; 0.07 ~ 0.09CH  , 1 1.41~ 1.45C H  , 
2 1.9 ~ 1.92C H  . The above formula forms closed equations that can describe the state of turbulent flow, which can 
solve the turbulent flow field by numerical methods. Pollutants convection diffusion equation can be simplified as: 
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     The formula is the general form of pollutants convection diffusion equation, effD is pollutant turbulent diffusion 
coefficient, full consideration to the integrated effects of the convective transport and turbulent diffusion during 
pollutant transport. The first item on the left is the local change of the pollutant concentration; the second term is the 
variation with flow, also known as the convection term; the first item on the right is pollutants turbulent diffusion, 
the second is the generation/disappearance of pollutants.  Due to the equation based on the hypothesis which is that 
pollutant transport flux is proportional to the average atmospheric pollutants concentration gradient, so the equation 
is suitable for the pollutants transport and diffusion under the action of small scale turbulence vortex, such as 
pollution sources of vehicle emissions. Turbulent eddy scale restricted by the ground, diffusion in the vertical 
direction is mainly small eddy effect, so the pollutant convection-diffusion model is suitable for solving the problem 
of the diffusion of the ground pollution source. 
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3. Results 
    Geometric characteristics of the street on both sides of the building will directly affect the pollutant dispersion 
within street. Previous studies mainly concentrate on both sides of the street in a row, isolated buildings on the flow 
field in the streets as well as the pollutant diffusion. However, the actual streets in the city, the arrangement and 
layout of the building is very complex, and the study of the characteristics of the flow field and pollutant dispersion 
in the vicinity of buildings is more practical. This chapter focuses on the effect of the street on both sides of the 
building relative height for the flow field and the distribution of the pollutants, non-isolated street canyon on the 
spread of pollutants and the buildings with the surrounding surface characteristic of the pollutant concentration field. 
 
    The calculation in this chapter, still using the aforementioned k-e model, calculation when direction of wind is 
perpendicular to the street, the boundary conditions are the same as the fourth chapter, without the consideration of 
the variation of solar radiation and air temperature. The main analysis and simulation of the following three kinds of 
building models near the streets: (1) Ascending type model of street canyon. (2) Decreasing type model of street 
canyon. (3) Calculation and analysis the impact of the depth-width ratio of the building on the flow field and 
pollutant dispersion. (4) Distribution of the flow field and pollutant concentration field of non-isolated building type 
street canyons. 
3.1. Air flow field in the ascending street canyon 
Ascending type street canyon refers to the height of the leeward side street building is lower than that of the 
windward side building. The flow field distribution in ascending street canyon under different roof wind speed is 
shown in Fig.1 (a) - (c). It can be seen From fig.1(a) - (c), due to the windward building is higher than the leeward 
building, formed a clockwise vortex inside the street canyon, near the both sides of the building roof tip in the street, 
which is pointed as attachment, can see the traces of intense interference between the airflow inside the streets and 
the airflow on the top of the buildingsˈwhich is particularly evident on the windward side buildings. 
 
                       
˄a˅roof wind velocity 5.0m/s                       ˄b˅roof wind velocity 10.0m/s                          ˄c˅roof wind velocity 15.0m/s 
Fig. 1. The flow field in the ascending type streets 
3.2. Pollutant concentration field in ascending street canyon 
    The pollutant concentration field in ascending street canyon is shown in Fig.2 (a)-(b). From fig.2 it can be seen, 
due to the clockwise vortex formed inside the street canyon, the leeward side streets also produced "climb a wall 
effect", leading to the result that the pollutants concentration of the leeward side is greater than the windward side. 
Different with the flow field in the rule street canyon, the dominant airflow in ascending street canyon flow tilt 
upper across part of the street canyon, the velocity of the air flow in the street canyon is relatively small, the 
diffusion ability of pollutants is weaker, the pollutant concentrations in the ascending street canyon are higher than 
the pollutant concentrations in the rule streets canyon, especially in the street canyon leeward building near the 
surface. 
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                        
                                  ˄a˅roof wind velocity 5.0m/s                                                            ˄b˅roof wind velocity 10.0m/s 
Fig. 2. Dimensionless pollutant concentration in the ascending type streets 
3.3. Air flow field in the decreasing street canyon 
Decreasing type street canyon refers to the height of the leeward side street building is higher than that of the 
windward side building. The flow field distribution in decreasing street canyon under different roof wind speed   is 
shown in Fig.3 (a) - (c). From fig.3 it can be seen, due to the windward building is lower than that of the leeward 
building, inside the street canyon formed a counterclockwise vortex, the vortex center near the windward side 
buildings, while in the upper part of the windward side buildings form a clockwise vortex, whose center is 
approaching to the downstream of the upper part of the building.  
 
                    
             ˄a˅ 5 m/sinV  ˄  ˅                                             ˄b˅ 10 m/sinV  ˄  ˅                                                       ˄c˅ 15 m/sinV  ˄  ˅
Fig. 3. the flow field in the decreasing type streets 
3.4. Pollutant concentration field in decreasing street canyon 
The pollutant concentration field in decreasing street canyon is shown in Fig.4 (a)-(b). From fig.4 it can be seen, 
while the height of the leeward side building is higher than the windward side building, the counterclockwise vortex 
would be formed inside the street canyon and in the windward side streets produced " effect of climbing the wall", 
led to the motor vehicle gas pollution gathered near the windward surface, the pollutants concentration of the 
windward side is greater than the leeward side. Because of the special airflow movement inside the streets, 
it is extremely difficult for motor vehicle emission pollutants to spread out, so the pollutant concentrations inside the 
street canyon are higher than the pollutant concentrations in several previous conditions, especially in the street 
canyon windward building near the surface. 
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                                                    ˄a˅roof wind velocity 5.0m/s                         ˄b˅roof wind velocity 10.0m/s 
Fig. 4. Dimensionless pollutant concentration in the decreasing type streets 
 
3.5. The impact of aspect ratio of the street canyon to pollutant dispersion 
To compare influence of the aspect ratio of street canyons on the flow field and pollutant concentration field in 
street valley, Maintain the roof wind speed and vehicle exhaust pollutant source unchanged while numerical 
simulation, The height and width of street canyons H/W are 2, 1 and 0.5, respectively, The flow field in the streets 
of different height to width ratio is shown in Fig.5 (a-c), and the pollutant concentration field is shown in Fig.6 (a-c). 
As can be seen from the diagram, we have had a clockwise rotation of the airflow vortex within the street. 
 
  
                                         ˄a˅H/W=0.5                                                    ˄b˅H/W=1                                                 ˄c˅H/W=2 
Fig. 5. Flow field in the valley of streets (roof wind velocity 10.0m/s) 
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                              
                                    ˄a˅H/W=0.5                                      ˄b˅H/W=1                                                  ˄c˅H/W=2 
Fig. 6. Dimensionless pollutant concentration in the streets (roof wind velocity 10.0m/s) 
 
With the increase of height and width ratio, the influence of air flow in upper part of the streets on the air flow in 
the street canyon is becoming weaker and weaker, especially the air flow velocity at the bottom of the street 
decreases, causing the air movement in the streets is weakened gradually, pollutant convection diffusion conditions 
gradually deteriorate, the concentration of pollutants in the street canyon increases accordingly, it also shows that 
the narrower streets are not conducive to the spread of pollutants in streets, and the wider streets are conducive to 
the spread of pollutants in the streets. This shows that the structure and layout of the city streets has an important 
influence on the diffusion of the vehicle emissions pollutants in the streets, In the process of urban street design and 
construction, under other conditions permitting, the city streets should be widened to facilitate the diffusion of 
vehicle emissions pollutants within the streets. Air flow field and dimensionless pollutant concentration field around 
non-isolated street canyons obtained by numerical simulation is shown in Fig.7, from the above figures can be seen 
compared to the isolated street canyon, non-isolated street canyon pollutant are less likely to spread outward, 
dimensionless pollutant concentration in the decreasing type streets is shown in Fig.8. 
 
    
             Fig. 7. Flow field in non-isolated street                                             Fig. 8. Dimensionless pollutant concentration 
 
4. Conclusions 
In this paper, using numerical simulation method to study the change law of the pollutants diffusion in street 
canyon effect by street canyon structure. Studies show that vehicle gas pollution are greatly influenced by the 
structure of the buildings, along with the impact on indoor air quality is weakened as building height increase. The 
main conclusion of the paper is as followed. 
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    (1)With the decrease of the aspect ratio, vortex in the internal of the street overall compression becomes shallow 
along the streets in the shape of changes. 
 
    (2)It formed a clockwise vortex inside the ascending type street canyon, near the both sides of the building roof 
tip in the street, which is pointed as attachment, can see the traces of intense interference between the airflow inside 
the streets and the airflow on the top of the buildings, which is particularly evident on the windward side buildings. 
Due to internal clockwise vortex in the street canyon, the leeward side streets produced "effect of climbing the wall", 
it resulted that the concentration of pollutants on the leeward side in the street canyons is greater than the windward 
side in the street canyon. Dominant airflow at the ascending type street canyons flits the top in the street canyons, 
the velocity of the air flow vortex in the valley is relatively small, the diffusion of the pollutants from the street 
canyons is weaker, especially the pollutant concentration is higher near the surface of the building in the leeward 
side of the street canyons.  
 
    (3)In decreasing type street canyon will form a counterclockwise vortex, the vortex center near the windward side 
buildings; While in the upper part of the windward side buildings will form a clockwise vortex and vortex center 
will move to windward side below the top of the building, and in the upper windward building it will produce 
"effect of climbing the wall", makes the motor vehicle gas pollutant in the street canyon gathered in the windward 
building near the surface, and the pollutant concentration in street canyon on the windward side is higher than the 
leeward side. Due to the special air movement inside streets, vehicle emissions pollutants is difficult to spread out, 
especially in street canyon windward building near the surface will form a high pollutant concentration. 
 
(4)Compared with the isolated street canyon, the pollutant in the non-isolated street canyon is more difficult to 
spread out. 
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